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Absmact-AttemptsweremadetoseparateandpUrifymucinousprin-
ciplefromthemucmouspleuraleffusionObtainedinacaseofalveOlar
cencarcinomaofthelung.Threedifferentchemicalmethodswereapplied
forthispurpose・Chemicalanalysiscarriedoutfromtheviewpointof
glycoproteindisclosedthatthecontentofhexOsaminewas.thehighestof
carbohydrateconstituentsofthepreparations,andthatsialicacidorfUcose
couldnotbeestimatedathighratio・Thepreparationsprovedtobeimpure
andcontaminatedbyserumproteincomponents・Inconclusion,itseeems
leastprobablethatepithelialmucinisamucinousprinciplemtheeffUsion.
INTRODUCTION
Mucinouspleuraleffusionhasbeenveryrarelyexperiencedbyclinicians・Onlya
fewcasesappearedintheliterature・Theauthorshaveencounteredthisunusualmani-
festationinacaseofalveolarcellcarcinomaofthelung・Studieswereconductedto
elucidatethechemicalcharacteristicsofthemucinobtainedinthiscase.
Inthepreviouspaper'),theauthorspresentedanalyticaldataontherawmaterial.
Theresultswerecharacterizedbyincreasedcontentofprotein-boundhexose.Butthe
highviscosityandmucinclotformationofthepleuralfluidcouldnotbeexplained
solelyonthebasisofelevatedprotein-boundhexose.Cellsofalveolarcellcar℃inoma
producemucin,andtherefore,theauthorsassumedthatthemucinhereinvestigated
mightbelongtoepithelialmucinwhichofferedtheclosestanalogywiththeglycopro-
teinfoundinbronchialsecretafrompatientswithcommonrespiratorydiseases・In
ourendeavorstoseparateandpurifythesubstancecausinghighviscosityandforming
mucinclot,asafirststepofinvestigationanattemptwasmadetoseparateglycopro-
teinfractionpossessingthechemicalpropertiesOfepithelialmucinfromthepunctate.
Thepresentpaperisconcernedwiththeresultsofafewseriesofexperimentsfrom
DepartmentofClinicalResearch,CancerResearchlnstitute,KanazawaUniversity.(Head:Prof・KyuiChi
KURAKANE)
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thisviewpomt.
MATERIALSANDMETHODS
Materiais:ThepleuralfluidstoredinafrOzenstatewasusedasamaterialafter
CellUlarelementshavingbeenremovedbycentrifugationat4,000rpmfor30minat4
C・
Analyticalprocedureshavebeenpreviouslydescribed・Inaddition,protein-bound
hexose2)wasdeterminedbyreactionphenolsulfuricacid3>,anduronicacidWcarbazol
reactionaccordingtoDische4)andbyorcinolreactionaccordingtoBrown5>.
Methods:Threedifferentmethodswereappliedtotheseparationofglycoprotein.
I)Mucinclotfonnationindiluteaceticacid:Afewmillilitersofglacialacetic
acidwereaddedtoseverallitersofwaterandthetwoweremixedthoroughly.The
punctatewasdr"pedintotheaceticacidsolutionundercontinuousstirringMUcin
clOtthusformedwaspickedupwithaglassrodandkeptinchilledwater.Acetic
acidsOlutionwasrenewedeverytimemucinclotwasformed・Themucinclotwas
washedinChilleddistilledWateranddissolvedinslighUyalkalinesolutionandthen
←
Tablel．Purificationprocedureformucinousprincipleusingthemethodofmucin
clotformationmdiluteaceticacidsolution
Effusion(234g)
l
Dropintoalargeamountofdiluteacetic
acidsolutionundermechanicalstirring
Mucinclot
Washinchilleddistilledwater
l
Dissolveinaminimumamount
of5%Na2CO3solution
l
Dropintoalargeamountof
diluteaceticacidsolution
Mucinclot
Washinchilleddistilledwater
DisOlvein5%INa2CO3solution
l
DropintoalargeamOuntofchilled70%ethanol
l
Mucinclot
l
Dissolvein5%Nam3solution
l
DropintoalargeamountofchiUed70%ethanol
I
Mucinclot
Dehydrateinether･ethMnoimixture(1:1,'/v)
l
Dryinvacuo
－
wher(3.2gWhitepo
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precipitatedbyaddingethanolinexcess.Thefinalstepoftheprocedurewasrepeated
twice・Theprecipitatewasdriedwithether-ethanolmixture(1:1)．Threelotswere
Obtainedbythismethcdwithminormcdificationoftheprccedure(Tablel).
2)Ammoniumsulfatefractionation:Saturatedsolutionorpowderedcrystalsof
ammoniumsulfatewereaddedslowlywithmechanicalstirringtothedilutedeffUsion.
Thefinalccncentraticnsofammoniumsulfatewere40%andlOO%ofsaturation,
respectively・TherespectiveprecipitatewascoUectedbycentrifugationanddissolved
inaminimalamountofdistinedwater・Thesolutionofmucinoussubstancewas
dialyzedagainstrUnningwaterfor48hours,andthento:thisw3Saddedethanolin
excess.OnelotwasobtainedfOreachoftheseconcentrations. ①
3)Precipitaticn.withcetyltrimethylammoniumbromide(CTAB):Dilutedpunctate
wasdeproteinizedtwicewithcmoroform-amylalCoholmixtureaccordingtoSevag.The
deproteiniZedfluidwasstirredandtothiswasaddeddropwiseonetwentiethvolume
oflO%CTABsolution.DevelopedmucinclotwasWaShedwellindistilledwaterand
thentransferredintoaminimalamountof4NNaClsolution.Thesolutionwasstirred
atrccmtemFeraturefcr48hcurstogetahomogenoussolution・Thesolutionwas
centrifugedandthesupernatantwasdialyzedovernightagainstrepeatedchangesof
distilledwaterat2-4C・Tothedialyzedsolutionanexcessamountofethanolwas
addedandallowedtostandovernightintherefrigerator・Theprecipitatewascollected
bycentrifugationandlyophilized・Fivepreparationsweremadebythismethod,two
ofwhichweresufficientinquantityforsystemicanalysisofcarbohydrate.Analiquot
ofonepreparation(No.5G)wassubjectedtofurtherfractionationwithethanolin
concentrationsof50to70%ofsaturation，Eachprecipitatewasdissolvedinslightly
alkalinesolutionanddialyzedagainstdistilledwater・Thedialyzedsolutionwaslyo-
philized.
RESULTS
Preparationsobtainedbythemethodl.Thepreparationswerewhitepowder,and
almostinsolubleindistilledwater,butsolubleinslightlyalkalinesolution.Thetotal
carbohydratecontentwaslowerthanexpected,buttheproteinwashigher・TheOuch-
terlony'simmunodiffusionrevealedcontaminationbyserumproteincomponentSineve-
rypreparation・Ofindividualcarbohydrateconstimentsthecontentofhexosamine
wasthehighest,andthatofhexcseanduronicacidfollowedthis・DPAreacting
substancewasfoundasmuchashexosebutresorcinolreactiongaveremarkablylower
vallses.Fuccseuasdetectedinminuteamountscnly・Fishmanreacticnwasnegative
butunnegligibleamountofuronicacidwasdetectedbyDische'scarbazolreaction
(Table2).
Preparationsmadebythemethod2・Theywerereddishbrownfineflake,and
containedmorecarbohydratethanthosepreparedbythemethodl.Hexosaminewas
containedinthehighestvalue,andhexoseinthesecond・Sialicacidandmethylpent"e
weredetectedinhigherproportionthaninthemethodl.Thepreparationsgaveposi-
秤
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Table2．Chemicaldataonpre"rationsmadebythemethmof
mucinclotformation
Lotm'mberり
,Constituent
No．3No．1 No.2
??
???????、???、??? ?? ?
Nitrogen(%)
Protein(%)
Hexose(%),(Winzler)
Methylpentose(%)
ILxoSamine(%)
Sialicacid(%),(DPA)
Sialicacid(%),(Svennerholm)
Hexuronicacid(FishmanreaCtion)
Uronicacid(%),("rbazol)
Uronicacid(%),(Orcin)
Serumproteincomponents
3.9
41.6
1．2
0．07
3．3
2．6
0．13
(一）
1．6
0．6
（＋）
2.4
42.3
1．2
0．03
2．3
1．1
0．09
（－）
0．9
0．4
（＋）
tiveFishmanreaction・Contaminationbyserumproteincomponentswasconfirmed
byimmunmiffusion(Table3).
Preparationsmadebythemethod3.Carbohydrateswerecontainedinhigherratio
thaninabovetwomethods・Neitherfucosenorsialicacidwasfoundinhighratio.
Fishmanreactionwaspositive.Contaminationbyserumproteincomponentswasno-
ticedbyimmunmiffusionbutmoredetailedstudycouldnotbeperformedlxcauseof
Table3．Chemicaldataonpreparationsmadebyammoniumsulfate
fractionation
LotConstituent
100％
sa血ratio、
40％
Satu重tion
Protein(%)
Hexose(%)
Hexosamine(%)
Metmpentose(%)
Sialicacid(Z),(DRA)
Sialicacid(%),(Svennerholm)
Hexuronicacid(Fishmanreaction)
Uronicacid(%),("rbazol)
Uronicacid(%),(Orcin)
SerumproteincOmponents
65．5
4．0
8．7
0．5
2．7
2．0
(＋）
3．4
2．3
(＋）
87．0
3．5
8．7
0．62
1．9
1．7
(＋）
4．1
4．5
(＋）
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Table4．ChemicaldataonpreparationsmadebyCTABprecipitaticn
Constituent
Lotm'mber
No.3GNo.5GNo.記2
Protein(%)
Hexose(%)
Hexosamine(%)
Methylpentose(%)
Sialicacid(%),(DPA)
Sialicacid(%),(Svennerholm)
Hexuronicacid(FYshmanreaction)
Uronicacid(%),(Carbazol)
Serumalbumin
14．2
11
27．1
0．08
1．0
＜1.0
53.1
5.6
19.7
0．15
1．1
1．4
（＋）
4．1
（十）
68.0
2．5
2．3
0．18
0．8
(－）
paucityofthelot・Alcoholfractionedmaterialshowedlowercarbohydratecontentthan
theoriginallot(Table4).
DISCUSSION
Thepleuralfluidinthecasedescribedwasviscousandsix･ingy,andformedmucin
clOtindiluteaceticacid・Substancepossessingthesecharacteristicshavebeengenerally
acceptedasmucin,andarehighmolecularcarbohydratecompounds,suchasglycopro-
teinwithhighcontentofsialicacidorfucose(epithelialorglandularmucin)6=9)or
hyaluronateproteincomplex(synovialmucin)'0).Becausetheauthorssupposedthat
cellsofaiveolarcellcarcinomamighthavebiologicalpropertiessecretingepithelial
mucinjustastheepithelialcellsofthebronchiandbronchiolesdo,anattemptasa
firststepofinvestigatiOnwasmadetoseparateglycoproteinfractioninwhichsialic
acidorfucosewascontainedinhighratio・Buttheviscosity"thematerialwasso
highthatitwasimpossibletoseparateandpurifyglycoproteinfractionbyusing
electrophoreticorchromatographicmethods・Therefore,severalchemicalmethodswere
usedinthisreport.
SincethestudyofVirchow,theseparationofepithelialmucinbymeansofpreci-
pitationfromaqueoussolutionwithdiluteaceticacidhasbeenreportedbyseveral
authors'0-'4).Asamethodofseparation,thisclassicalonewasadoptedinthepresent
study.
Asshownintheresults,experimentsrevealedthatmuchproteinWasinvolved
intothemucinousprinciplewhenmucinclotwasformed.Contaminationbyserum
proteinwasremarkableandcarbohydratecontentwaslowerthanexpected.Theana-
lyticaldataweresimilartothoseofthemucinclotmadefrombovinesubmaxinary
gland'3)exceptforlowsialicacidcontent.WithrespecttothecontentofcarbOhydrate
constituents,itwashighintheorder,hexosamine,hexoseanduronicacid・ButFish-
man'sreactionwasnegative.
『
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Ammoniumsulfatefractionationhasbeenused'fortheseparationofglycoprotein
ormucopolysa℃charidesbyseveral!authors'5,'6).Inthe,presentinvestigation,thismeth-,
"was･usedtoconfirm､roughlywhethertheglycoproteinrichinsialicacidorfucose
WaSprもsentornot・Thepreparationspreparedbythismethmgavehighercontentof
carbohydratethanthosemadebythemethodl.Highproportionofhexosamineto
protein-boundhexoseaswellaslowvaluesinsialicacidandmethylpentoseinthese
lotswerefoundasinthefirstmethod.Itisnoteworthythatthepresenceofuronic
acidwasdisclosedbybothFishman'sreactionandcarbazolmethod.
CTABisareagenttoprecipitatespecificallyinorganicpolyanion'7,'8).Tsuikiand
hisassociates7,'2)separatedbovinesalivarymucinbyusingthisreagent.Theauthors
alsoutilizedthisreagentforthepurificationofglycoproteininthepleuralfluid.Car-
bohydrateinthepreparationsobtainedbythismethodshowedthehighestvalueofthe
threemethods.Butthepreparationswereapparentlyimpureandimmunodiffusiondis-
cl"edthepresenceofserumproteincomponents.Ofindividualcarbohydratecompo-
nentscontentofhexosaminewasthehighestandthatofhexosethesecond.Small
amountofsialicacidandmethylpentosewasdetected・Hexuronicacidwaspresent
butremovedbyfurtherpurificationbyethanolfractionation.
Allthepreparationspreparedbythethreemethodsabovedescribedprovedtobe
richinhexosamineandscantyinsialicacidorfucoseandtobecontaminatedby
serumproteincomponents.Forthoughinotherexperimentswhichwillbepresented
elsewhereremovalof'251-labeledhumanserumalbuminaddedtotheraweffusionwas
triedaccordingtothemethodofSevag,itresultedinafailure・Theaffinityof
proteinformucinousprinciplewasconsideredtoostrongtoremovetheformerfrom
thelatterbyusingcommondeproteinizationprocedures・NishizawaandPigman'8)
reportedthatbovinesubmaxillarymucinissupposedlyacoacervateofproteincations
andglycoproteinanions,andMeyerandhisassociates'0)foundhyaluronateprotein
complexinsynovialmucin.Inthepresentstageofourexperiments,thesignificance
ofserumproteininvolvedinmucinclotwasnotexplained,andonthisproblem
furtherstudieswillbeneeded.
Inconclusion,itseemsleastprobablethatepithelialmucinisamucinousprinciple
inthiseffusion,becauseneithersialicacidnorfucosecouldnotbeestimatedinhigh
ratio.Severalauthors'5,19-2')foundglycoproteinspecifictoneoplasminascitesorpleu-
ralfluidinpatientswithtumors･Apartfromaroleplayedinproducinghighvisco-
sity,presenceofabsenceofsuchaglycOproteinwillbesmdiedinfollowingexperi-
mentS.
SUMMARY
Separationofmucinousprinciplefrommucinouspleuraleffusionwascarriedout
fromtheviewpointofglycoprotein・Threedifferentchemicalmeth"s,thatis,mucin
clotformationindiluteaceticacid,ammoniumsulfatefractionation,andprecipitation
withCTAB,wereusedforthispurpose・Obtainedpreparationsprovedtobeimpure
~～三
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andcontaminatedbyserumproteincomponents.Ofcarbohydrateconstituentsofthe
preparationsthecontentofhexosaminewasthehighestandthatofhexoseoruronic
acidthesecond・Neithersialicacidnorfucosewasfoundinhighratio.Itisleast
probablethatepithelialmucinistheprincipleresponsiblefortheextremelyhighvis-
cosityandmucinclotformationofthepleuraleffusion.
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